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acquired SGS at our institution between January 1994 and
December 2013 were retrospectively reviewed. Severe
SGS was defined as Myer-Cotton grade I (71-99 %
obstruction) or grade IV (no detectable lumen) stenosis in
this study. Patients with congenital or mixed (congenital
stenosis deteriorated by endotracheal intubation) SGS were
excluded from this study. Thirty-three patients with severe
acquired SGS were identified. The information collected
included patient demographics, comorbidities, period and
duration of endotracheal intubation, rigid bronchoscopic
findings (degree of stenosis according to the Myer-Cotton
classification, range of stenosis), details of initial open
surgical intervention (single- or double-stage LTR), mor-
bidity and mortality, and the operation-specific decannu-
lation rate (decannulation rate without need for additional
surgical treatment). Single-stage LTR was defined as a
procedure in which the patient did not have a tracheostomy
tube in place at the conclusion of the operation. Patients
who underwent double-stage LTR had a tracheostomy tube
in place at the conclusion of the procedure. The choice of
open surgical intervention methods was left to the sur-
geons. Single-stage LTR was mainly performed before
2011, and double-stage LTR was mainly performed since
2011. The operation-specific decannulation rate was cal-
culated for the patients in whom decannulation was
attempted after initial open surgical intervention, and the
patients awaiting decannulation were excluded.

Surgical technique
Single-stage LTR

Costal cartilage with perichondrium was harvested from
the sixth or seventh costal arch. After exposing the anterior
surface of the larynx with a collar incision, a vertical
midline incision was made through the lower third of the
thyroid cartilage, the anterior cricoid arch, and the first or
second tracheal cartilage ring. A posterior cricoid split
without graft was added in patients with severe thickening
of the posterior cricoid wall. The harvested costal cartilage
was carved to a boat-shaped graft, and lateral wedges of
cartilage were trimmed to prevent prolapse into the airway.
Endotracheal tube was then placed nasally for postopera-
tive ventilation and stenting. The costal cartilage graft was
positioned in the anterior opening and secured in position
with interrupted 5-0 absorbable sutures, with the peri-
chondrium facing the airway lumen. At 1-3 weeks after
surgery, extubation was performed.

Double-stage LTR

A vertical midline incision of the larynx was made in the
same manner as for single-stage LTR. If necessary, the
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posterior cricoid split was performed. A silicon T-tube
(Koken, Inc, Tokyo, Japan) was placed in the subglottic
lumen as a stent for the expanded subglottic space. Carti-
lage expansion, such as in the single-stage procedure, was
not performed. After T-tube stenting for at least 6 months,
extubation was performed.

Statistical evaluation

Continuous valuables are expressed as medians (range).
Mann—Whitney’s U test was used to compare continuous
valuables between the two groups. Fisher’s test was used to
compare discrete variables between the two groups. All data
were analyzed using GraphPad Prism software 6.0 (Graph-
Pad Software, Inc., San Diego, CA, USA). Results showing
probability levels <0.05 were considered significant.

Results
Clinical characteristics (Table 1)

Thirty-three patients (16 male, 17 female) who had severe
acquired SGS were identified. The median age at diagnosis
by rigid bronchoscopy was 1.0 year (range 0.3—6 years).
All patients had SGS secondary to endotracheal intubation.
Twenty-six patients were intubated in the neonatal period
due to respiratory distress syndrome. Seven patients were

Table 1 Clinical data of all patients

Age at diagnosis, median (range) 1.0 year (0.3—6 years)

Sex Male: 16, female: 17
Period of intubation
Neonatal period 26
After infancy 7
Duration of intubation, median (range) 4.5 m (0.1-13 m)
Tracheostomy-dependent 33
Severe comorbidities
No 16
Respiratory 6
Cardiac 5
Neurologic 5
Gastrointestinal 3
Others 2
Stenosis
Myer-Cotton grade
I 29
v 4
Localized at subglottis 9
Extended to glottis or supraglottis 24

Operation-specific decannulation rate 41.7 % (5/12)

— 254 -



Pediatr Surg Int (2015) 31:943-947

945

intubated after infancy. In the patients intubated after
infancy, five patients were due to another operation, one
was respiratory tract infection, and another one was a
traffic injury. The median duration of intubation was
4.5 months (range 0.1-13 months). All patients had
undergone tracheostomy after the diagnosis of acquired
SGS. Seventeen patients (52 %) had severe comorbidities.

Rigid bronchoscopic findings (Table 1)

All patients underwent rigid bronchoscopic examination
and were diagnosed to have severe SGS. No surgical or
endoscopic interventions had been performed before
bronchoscopic examination in all patients. According to the
Myer-Cotton classification, 29 patients (88 %) had grade
III stenosis, and 4 patients (12 %) had grade IV stenosis.
Nine patients (27 %) had a stenosis localized at the sub-
glottis (localized SGS; Fig. 1a). Twenty-four patients
(73 %) had a stenosis that extended to the glottis or the
supraglottis from the subglottis (extended SGS; Fig. 1b).

Localized SGS (Tables 2, 3)

Three patients were intubated in the neonatal period, and
six patients were intubated after infancy. The median
duration of intubation was 1.0 month (range
0.1-13 months). Seven patients had grade III stenosis, and
two patients had grade IV stenosis. Six patients had severe
comorbidities. Open surgical intervention was performed
in eight patients. The median age at operation was
2.5 years (range (.75—4 years). Single-stage LTR was
performed in four patients, and double-stage LTR was
performed in four patients. The postoperative course was
uneventful in all patients. In five patients in whom
decannulation was attempted after initial surgical inter-
vention, four patients were decannulated (operation-speci-
fic decannulation rate: 80.0 %). One patient failed to
decannulate due to glottic granulation tissue formation.

Extended SGS (Tables 2, 3)

Twenty-three patients were intubated in the neonatal period,
and one patient was intubated after infancy. The median
duration of intubation was 5.0 months (range 0.5-
12 months). Twenty-two patients had grade III stenosis, and
two patients had grade IV stenosis. Eleven patients had
severe comorbidities. Open surgical intervention was per-
formed in eight patients. The median age at operation was
2.0 years (range 0.5-9 years). Single-stage LTR was per-
formed in seven patients, and double-stage LTR was per-
formed in one patient. The postoperative course was
uneventful in all patients. In seven patients in whom
decannulation was attempted after initial surgical

Fig. 1 Rigid bronchoscopic findings of severe acquired subglottic
stenosis (SGS). a The stenosis is localized at the subglottis (localized
SGS). b The stenosis extends to the supraglottis from the subglottis
(extended SGS)

intervention, one patient was decannulated (operation-
specific decannulation rate: 14.3 %). The causes of failure to
decannulate were remaining supraglottic or glottic stenosis
in four patients, re-stenosis of the subglottis in two patients,
and prolapse of the costal cartilage graft in one patient.

Discussion
In the last four decades, various techniques of LTR for

acquired SGS have been reported. Fearon and Cotton [4]
introduced the procedure widening the subglottic lumen
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Table 2 Comparison of clinical

data (localized SGS versus Localized SGS (n = 9) Extended SGS (n = 24) p value
extended SGS) Period of intubation
Neonatal period 3 23 0.0005
After infancy 6 1
Duration of intubation, median (range) 1.0 m (0.1-13 m) 5.0 m (0.5-12 m) 0.0024
Myer-Cotton grade
m 7 22 0.2952
v 2 2
3‘:52236 iﬁa’g‘fz‘i‘gjﬁlgg sGs Localized SGS (n = 8)  Extended SGS (n = 8)  p value
versus extended SGS) Age at operation, median (range) 2.5 years (0.75-4 years) 2.0 years (0.5-9 years) 0.6995
Myer-Cotton grade
1 6 7 1.0000
I\% 2 1
Operation
Single-stage LTR 4 7 0.2821
Double-stage LTR 4 1
Operation-specific decannulation rate 80 % (4/5) 14.3 % (1/7) 0.0720

with the interposition of cartilage grafts, and this method
has become one of the most common procedures for the
treatment of acquired SGS. Single-stage LTR in this study
had the same concept as the procedure previously descri-
bed. Double-stage LTR in this study consisted of anterior
cricoid splitting without the interposition of cartilage grafts
and T-tube stenting for the widened subglottic space.
Anterior cricoid splitting was originally described as a
procedure designed to avoid tracheostomy in premature
children who had failed extubation due to SGS [5], and
Zaima et al. [6] reported this procedure and T-tube stenting
as a definitive treatment for severe acquired SGS.

In this study, the overall operation-specific decannula-
tion rate of LTR in patients with severe acquired SGS was
41.7 % (5/12). Experienced centers where PCTR has been
performed have reported higher operation-specific
decannulation rates (71-76 %) in patients with severe SGS
[2, 3]. Although PCTR is regarded as the preferred option
for severe SGS over LTR [7], it is not clear whether LTR is
suitable for all types of severe acquired SGS or not. The
Myer-Cotton classification [§], a grading system according
to the degree of subglottic luminal obstruction, is widely
used for evaluation of SGS. This grading system is simple
and useful for assessing clinical outcomes. On the other
hand, various forms and ranges of stenosis are present in
the same Myer-Cotton grade, and this grading system does
not always represent the true conditions of SGS. Monnier
et al. [9] pointed out the limitation of the Myer-Cotton
classification, and they proposed a new classification based
on the degree of the stenosis, associated comorbidities,
and/or glottis involvement. In this study, the range of
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stenosis was assessed in addition to the degree of luminal
obstruction based on bronchoscopic findings. Conse-
quently, acquired SGS is classified as follows based on
bronchoscopic findings: (1) stenosis localized at the sub-
glottis (localized SGS), and (2) stenosis extending to the
glottis or supraglottis from the subglottis (extended SGS).

Many patients with localized SGS were intubated after
infancy, and the duration of intubation was significantly
shorter in patients with localized SGS than in those with
extended SGS. These facts suggest that the range of stenosis
is affected by the size of the subglottic lumen and the
duration of intubation, and the subglottis, the narrowest part
of the pediatric airway, is selectively damaged in localized
SGS. Hartley and Cotton [7] suggested that PCTR was the
preferred surgical option for localized SGS. Because of a
clear margin between the stenosis and the vocal cords,
complete resection of the stenotic segment and safe thyro-
tracheal anastomosis are possible. They argued that at least a
3-mm margin of tissue between the stenosis and the vocal
cords is recommended for PCTR. On the other hand, the
operation-specific decannulation rate of LTR in patients
with localized SGS was 80.0 % in the present study. The
present results indicate that LTR is a feasible surgical option
for severe localized SGS taking into consideration technical
simplicity and minimal invasiveness.

Most patients with extended SGS required prolonged
intubation from newborns. We consider that a wide range
of the larynx through the glottis or supraglottis to the
subglottis could be damaged in the extended SGS group
due to the small size of the larynx and the long duration of
intubation. The present study showed a low operation-
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specific decannulation rate in patients with extended SGS
(14.3 %). Major causes of failure to decannulate were re-
stenosis of the subglottis and remaining supraglottic or
glottic stenosis. LTR is a procedure aimed at enlarging the
subglottic lumen by vertical incision of the cricoid ring and
stabilizing the expanded lumen with a costal cartilage graft
or T-tube stenting. Since much cicatricial tissue remains
after LTR in extended SGS, re-stenosis of the subglottis is
a possible postoperative complication [10]. These facts
suggest that PCTR, a procedure with resection of almost all
cicatricial tissue, is an effective procedure for the treatment
of extended SGS. Furthermore, additional procedures for
releasing the stenosis of the glottis or supraglottis, such as
laryngoscopic scar excision or separation of fused vocal
cords, are necessary for decannulation. George et al. [11]
reported a high operation-specific decannulation rate of
61 % after PCTR with an additional procedure for SGS
with glottic involvement.

This study has several important limitations. First, the
study population was small. Second, although the concept
of the surgical intervention procedures widening the sub-
glottic lumen by vertical incision of the cricoid ring was
the same, two procedures (single- or double-stage LTR)
were performed in this study. Further studies including a
large number of participants with the same procedure are
needed to clarify which procedure is feasible for each type
of severe acquired SGS.

In conclusion, the range of stenosis was affected by the
period and duration of endotracheal intubation, and surgical
outcomes of L'TR tended to differ between localized SGS
and extended SGS. LTR can be an effective procedure for
the treatment of severe localized SGS. Careful broncho-
scopic evaluation about the range of stenosis in addition to
the degree of stenosis is necessary to predict the outcome.
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Everolimus for Primary Intestinal
Lymphangiectasia With Protein-
Losing Enteropathy

Michio Ozeki, MD, PhD,? Tomohiro Hori, MD, PhD,? Kaori Kanda, MD,? Norio Kawamoto, MD, PhD,?
Takashi Ibuka, MD, PhD,? Tatsuhiko Miyazaki, MD, PhD,° Toshiyuki Fukao, MD, PhD?

Primary intestinal lymphangiectasia (PIL), also known as Waldmann’s
disease, is an exudative enteropathy resulting from morphologic
abnormalities in the intestinal lymphatics. In this article, we describe

a 12-year-old boy with PIL that led to protein-losing enteropathy
characterized by diarrhea, hypoalbuminemia associated with edema
(serum albumin level: 1.0 g/dL}, and hypogammaglobulinemia (serum IgG
level: 144 mg/dL). Severe hypoalbuminemia, electrolyte abnormalities, and
tetany persisted despite a low-fat diet and propranolol. Everolimus (1.6
mg/m?2/day) was added to his treatment as an antiangiogenic agent. With
everolimus treatment, the patient’s diarrhea resolved and replacement
therapy for hypoproteinemia was less frequent. Hematologic and
scintigraphy findings also improved {serum albumin level: 2.5 g/dL)}. There
were no adverse reactions during the 12-month follow-up. To the best of our
knowledge, this is the first report of everolimus use in a patient with PIL.

Lymphatic anomalies include cystic
lymphatic malformation, generalized
Iymphatic anomaly, Gorham-Stout
disease, lymphangiectasia, and central
conducting lymphatic disorders.>?
Lymphangiectasia occurs as a primary
developmental lymphatic disorder
with or without elevated systemic
venous pressure due to lymphatic
obstruction, and the condition must
be distinguished from other lymphatic
disorders. Depending on the site of
the anomaly, lymphangiectasia may
manifest as chylothorax, pulmonary
lymphangiectasia, chylous ascites,
protein-losing enteropathy (PLE),
cutaneous vesicles, or superficial
chylous leaks.?

Primary intestinal lymphangiectasia
(PIL), also known as Waldmann’s
disease, is a rare exudative
enteropathy characterized by
morphologic abnormalities of

the intestinal lymphatics without

proliferation. Common symptoms of
PIL are persistent diarrhea, peripheral
edema, steatorrhea, lymphocytopenia,
hypogammaglobulinemia, and
hypoproteinemia. Treatment is
generally symptomatic and may
include a low-fat diet associated with
medium-chain triglycerides, periodic
intravenous albumin infusion, and
corticosteroid administration.® In

a more severe case, octreotide, a
synthetic analog of the naturally
occurring hormone somatostatin

{a potent inhibitor of the release

of growth hormone, serotonin,
gastrin, glucagon, and insulin}, was
successful.® However, no curative
therapy is currently available for PIL.
A US Federal Drug Administration-
funded prospective study of sirolimus,
a mammalian target of rapamycin
{mTOR] inhibitor, in patients with
complicated vascular anomalies

has been underway (ClinicalTrials.
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gov; identifier NCT00975819) since
2009.7 The successful use of mTOR
inhibitors in the treatment of a small
collection of lymphatic anomalies
has recently been reported.®
Therefore, we considered that an
mTOR inhibitor might be a promising
treatment for PIL.

In this article, we present a case of a
patient with PIL and severe PLE who
benefitted from systemic therapy
with everolimus, an mTOR inhibitor.
To our knowledge, this is the first
report of everolimus therapy in

the treatment of PIL. The findings
provide insight into the biology
underlying lymphatic anomalies
and support further study of mTOR
inhibitors as a treatment for PIL.

GASE REPORT

A 12-year-old Japanese boy
presented to a municipal hospital
with a 3-month history of progressive
diarrhea, abdominal pain, lower

limb edema, tetany, and weakness.
He had no relevant family history

or medical history. The patient was
provisionally diagnosed with PIL and
secondary PLE and treated with a
low-fat diet associated with medium-
chain triglycerides, antiflatulent
medication (Bifidobacterium),
antidiarrheal medication (loperamide
hydrochloride and natural aluminum
silicate}, furosemide, and sodium
cromoglycate. However, he
experienced progressively worsening
refractory nonbloody diarrhea,
edema, and hypoalbuminemia (1.0 g/
dL) {lower limit of normal for age: 3.8
g/dL), for which he received periodic
albumin infusions (4 infusions of 12.5
g) and immunoglobulin (2 infusions
of 5.0 g) for infection prophylaxis.
After 4 months, the patient was
transferred to Gifu University
Hospital to establish a definitive
diagnosis and undergo additional
therapy.

Physical examination on admission
revealed an acutely ill patient with
a puffy face and generalized edema.

e2

Laboratory findings revealed
decreased levels of serum albumin
{1.4 g/dL}, total protein (2.8 g/
dL}, magnesium (0.9 mg/dL), and
corrected calcium (8.1 mg/dL).
Hypogammaglobulinemia was noted;
at their nadirs, the IgM level was
60 mg/dL (normal: 45-300 mg/
dL}, IgA was 71 mg/dL (normal:
95-460 mg/dL), and IgG was 226
mg/dL {(normal: 890-1850 mg/dL).
The urinalysis results were within
normal limits. The patient had a
high fecal a-1-antitrypsin clearance
rate {494 mL/day; normal: <20
mL/day), indicating enteric loss of
plasma proteins. Gastrointestinal
endoscopy showed white villi and
chyle leakage in the mucosa of the
distal duodenum and ascending
colon to the transverse colon (Fig
1A). Histologic examination of biopsy
specimens from the duodenum

and ileocecum showed diffusely
dilated mucosal and submucosal
Iymphatic channels along the villi
(Fig 1B). Staining for the lymphatic
marker D2-40 was positive in the
luminal cells (Fig 1C). Additionally,
we found elevated nuclear and
cytoplasmic immunohistochemical
expression of mTOR in the lymphatic
endothelial cells (Fig 1D). #°™T¢
human serum albumin (*™Tc-
HSA) scintigraphy showed albumin
leakage from the ascending colon
to the transverse colon (Fig ZA).
Scintigraphic examination showed
no leakage in the stomach or small
bowel. These results allowed for

a definitive diagnosis of PIL and
secondary PLE. Management of

the patient’s hypoalbuminemia
with a low-fat diet and infusions of
albumin {12.5 g) with furosemide
was unsuccessful. Because of this
treatment failure, the patient was
treated with oral propranolel (3
mg/kg per day divided every 8
hours). After 4 weeks, the patient’s
symptoms persisted, and we decided
to initiate treatment with an mTOR
inhibitor. Because sirolimus was
not available in Japan at that time,
we chose another mTOR inhibitor,
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everolimus, which is approved

for immunosuppressive therapy.
The treatment was approved by

the review board at our hospital,
and written informed consent was
obtained from the patient’s parents.
Everolimus was started at 2 mg (1.6
mg/m? per day). Dose adjustments
were made to maintain the desired
drug trough level of 5 to 15 ng/

mL according to the literature.8 At
the start of everolimus treatment,
the serum albumin level was 1.6 g/
dL and the IgG level was 217 mg/
dL. After 4 weeks, the patient’s
diarrhea had almost resolved

and his serum albumin level was
gradually increasing. Six months after
initiation of everolimus, ?2Tc-HSA
scintigraphy showed no leakage of
albumin from the gastrointestinal
tract {Fig 2B). Fecal a-1-antitrypsin
clearance was markedly decreased
(177 mL/day). However, the objective
endoscopic findings in the duodenum
were unchanged. The patient’s
severe hypoalbuminemia gradually
improved and the administration of
immunoglobulin and albumin became
less frequent, although the serum
albumin level did not normalize (Fig 3}.
The patient’s treatment continued
without any adverse effects during
12 months of follow-up.

DiscUssion

PiLis a chronic debilitating disorder
requiring strict long-term dietary
control based on a low-fat regimen
and supplementary medium-chain
triglycerides. Surgical small-bowel
resection is useful in the rare cases
of segmental and localized PIL.?

PIL negatively affects quality of

life and can be life-threatening
when malignant complications

or serous effusions occur. There

is no consensus on the treatment

of this condition. Treatment is
generally symptomatic and may
include nutritional therapy and
replacement therapy. A few patients
effectively treated with propranolol

OZEKl et al



FIGURE ¢

A, Enteroscopy revealed white villi and chyle leakage in the intestinal mucosa. B, Histopathology
of intestinal tissue before treatment showed marked dilatation of lymphatic ducts along a villus
(arrow) and involving the mucosa (hematoxylin and eosin stain, x400). C, D2-40 immunostaining was
positive in the luminal endothelial cells. D, Elevated nuclear and cytoplasmic immunohistochemical
expression of mTOR was found in the lymphatic endothelial cells. Anti-mTOR immunohistochemistry
manifested brown positive signals. The reference image in the bottom-right corner revealed norma

intestinal mucosa.
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A, 990T¢-HSA scintigraphy before treatment showed leakage of albumin from the ascending colon to
thetransverse colon {arrows). B, %¥™T¢-HSA scintigraphy after 8 months of everoiimus administration
showed no leakage of albumin from the gastrointestinal tract.

for lymphatic malformation and
generalized lymphatic anomalies
were recently described 1011
However, propranolol did not show
a therapeutic effect on the condition

PEDIATRICS Volume 137, number 3, March 2016

of our patient. We have presented

a case of PIL with PLE treated with
everolimus. This agent resulted in
marked improvement in the patient’s
symptoms and examination findings.
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The successful use of mTOR
inhibitors in the treatment of a small
collection of vascular anomalies has
recently been reported.” mTOR is a
serine/threonine kinase regulated
by phosphoinositide-3-kinase. It acts
as a master switch for numerous
cellular processes, including cellular
catabolism and anabolism, cell
motility, angiogenesis, and cell
growth.!? In our patient, significant
expression of mTOR was found

in the affected tissues. Based on

this finding, we propose that the
enhanced mTOR expression seen
within abnormal tissues affected by
lymphangiectasia may explain the
efficacy and mechanism of mTOR
inhibitors in treating PIL lesions and
may predict the efficacy of mTOR
inhibitor therapy.

The etiology of PIL currently remains
unknown. Several genes, including
vascular endothelial growth factor
receptor 3, prospero-related
homeobox-transcriptional factor,
forkhead transcriptional factor, and
SRY {sex determing region Y}-Box

18 {S0X18), are involved in the
development of the lymphatic system.
Vascular endothelial growth factor is
a key regulator in lymphangiogenesis
and angiogenesis, and it acts as both
a potential upstream stimulator of
the mTOR signaling pathway and a
downstream effector. Hokari et al.13
reported inconsistently changes in
the expression of lymphangiogenesis
regulatory molecules in the
duodenal mucosa of patients

with PIL. The lymphangiogenesis
pathway is assumed to be involved
in PIL, in which ligand binding-
induced signaling through vascular
endothelial growth factor receptor

3 on the surface of the lymphatic
endothelium results in activation of
the phosphoinositide-3-kinase /Akt/
mTOR pathway. Therefore, nTOR
inhibitors are predicted to be effective
agents for PIL.

The mechanisms of enteric protein
loss in intestinal lymphangiectasia

ed
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are not well understood, although
increased pressure in the lymph
channels has been suggested as

a possible cause.!* Lymphatic
hypeplasia results in obstruction
of lymph flow, which leads to
increased pressure within the
lymphatics. This, in turn, causes
dilation of the lymphatic channels
in the intestine and leads to rupture
of the channels with resultant loss
of lymph into the bowel lumen.1®
Lymphangiography is a valuable
tool for the detection of lymphatic
leakage. Recently published reports
indicate that lymphangiography
plays a therapeutic role in patients
with lymphatic leakage.!® In our
case, although lymphangiography
was not performed, scintigraphy and
a-1-antitrypsin clearance showed

ed

lymphatic leakage and obvious
improvement with treatment.
However, there were no changes
in the enteroscopic findings after
treatment. Everolimus might
have effects on the function of
the lymphatic canals, but no
apparent effects on endoscopic
findings.

Everolimus has been approved

for use in Japan as an
immunosuppressant for the
prevention of cardiac and renal
allograft rejection.)” Practical
experience has revealed that
everolimus has some benefits over
sirolimus. Although both substances
are fairly similar chemically, the
serum half-life of everolimus is
shorter than that of sirclimus
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(28 vs 62 hours, respectively).
Everclimus is more controllable
because it reaches steady state
earlier than does sirolimus (4 vs 6
days, respectively).'8 Additionally,
everolimus is reportedly associated
with a lower incidence of
hyperlipidemia.’® Although serious
side effects are rare, it is necessary
to monitor for their occurrence with
any mTOR inhibitor therapy.

CONCLUSIONS

To the best of our knowledge, this
is the first report of everclimus use
in a patient with PIL. The clinical
response fo mTOR inhibitors

such as sirolimus and everolimus
may be related to inhibition of
Iymphatic endothelial cell growth
and improvement in lymphatic
canal function. Prospective studies
are needed to determine the best
systemic therapies for PIL with
PLE and the optimal duration of
treatment.
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BRIEF REPORT
Gorham-Stout Disease of the Skull Base With Hearing Loss: Dramatic Recovery
and Antiangiogenic Therapy

Akifumi Nozawa, mp,! Michio Ozeki, mp, rhp,'* Bunya Kuze, mp, pho,? Takahiko Asano, mp, pip,
Kentaro Matsuoka, mp, pho,* and Toshiyuki Fukao, mp, php!

Gorham-Stout disease (GSD) is a rare disorder of unknown etiology.
We present a 6-year-old male with GSD involving the skull base
who presented with recurrent cerebrospinal fluid (CSF) rhinorrhea,
severe hearing loss, and facial palsy secondary to cerebellar herni-
ation into the internal auditory canal. After 2 months of treatment
with pegylated interferon (IFN) a-2b (50 pg/week), his hearing re-

Key words:

cerebrospinal fluid leakage; interferon; lymphatic malformation; mammalian target of rapamycin; sirolimus

covered dramatically. Two years later, new bone formation appeared
radiologically and IFN was switched to sirolimus. One year after the
switch, CSF rhinorrhea disappeared. Antiangiogenic therapy might
inhibit proliferation of vascular endothelial cells in osteolytic lesions
and lead to new bone formation. Pediatr Blood Cancer @ 2015
Wiley Periodicals, Inc.

INTRODUCTION

Gorham-Stout disease (GSD), also known as massive oste-
olysis, is a rare bone disorder of unknown etiology originally de-
scribed in the 1950s.[1] Aggressive lymphatic and vascular pro-
liferation of unknown origin is believed to be the cause of local
bone destruction. Michael et al. summarized the clinical infor-
mation from 185 previously published cases of GSD and found
skull base involvement in only nine cases.[2] GSD has a risk
of fatal complications. Spinal cord damage and paraplegia re-
sulting from vertebral osteolysis has been reported, as has cere-
brospinal fluid (CSF) leakage resulting from osteolysis of the
skull.[3,4]

Optimal treatment for GSD has not yet been established.
Current therapeutic modalities include surgery, interferon
(IFN), and radiotherapy.[2] However, these therapies have
many side effects, and treatment strategy remains controver-
sial. Since 2009, a FDA-funded prospective trial of sirolimus,
a mammalian target of rapamycin (mTOR) inhibitor, has
been underway for treatment of complicated vascular anoma-
lies (ClinicalTrials.gov NCT00975819).[5] mTOR is a ser-
ine/threonine kinase regulated by phosphoinositide 3-kinase.
It acts as a master switch for numerous cellular processes,
including cellular catabolism and anabolism, cell motility,
angiogenesis, and cell growth.[6] Recently, the successful use
of mTOR inhibitors in treating a small number of lymphatic
anomalies has been reported.[7] Therefore, we hypothesized
that sirolimus might be a promising treatment for GSD.

Here, we present the case of a child with GSD involving the
skull base who presented with CSF leakage, severe hearing loss,
and facial palsy secondary to herniation of cerebellar tissue into
the internal auditory canal (IAC). Systemic medication could
improve symptoms and result in new bone formation. We also
discuss this rare condition and the mechanism of recovery.

CASE REPORT

A 3-year-old male presented with a history of repeated CSF
rhinorrhea and bacterial meningitis, with left ear deafness as
a complication of bacterial meningitis. He was diagnosed with
basal meningoencephalocele; surgical repair of the CSF fistula

© 2015 Wiley Periodicals, Inc.

DOI 10.1002/pbc.25886

Published online in Wiley Online Library
(wileyonlinelibrary.com).

at the anterior skull base was performed at another hospital
when the patient was 4 years old. However, he experienced re-
fractory CSF rhinorrhea and bacterial meningitis. When the pa-
tient was 6 years old, a skull base biopsy showed resorption of
typical bone structures, which had been replaced by thin-walled
endothelium-lined capillaries of vascular or lymphatic origin
(Fig. 1A). D2-40 immunostaining delineated the endothelium
of the lymphatic channels and a diagnosis of GSD was made
(Fig. 1B). Six months after biopsy, the patient presented with
acute right-sided hearing loss and mild peripheral facial palsy.
Because these symptoms persisted for 3 months, he was trans-
ferred to our hospital for additional therapy.

The patient had mild right facial nerve palsy (House-
Brackmann Facial Nerve Grading System, Grade II, mild dys-
function) and repeated CSF rhinorrhea several times daily. Pure-
tone audiogram demonstrated severe sensorineural hearing loss

Abbreviations: GSD, Gorham-Stout disease; CSF, cerebrospinal
fluid; IFN, interferon; FDA, Food and Drug Administration;
mTOR, mammalian target of rapamycin; IAC, internal auditory
canal; CT, computed tomography; MRI, magnetic resonance imag-
ing; VEGF, vascular endothelial growth factor
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A

Fig. 1. Pathological examination of the affected lesion and radiological examination of the patient before treatment. (A) Skull base biopsy
showing that typical bone structures were resorbed and replaced by thin-walled endothelium-lined capillaries of vascular or lymphatic
origin (bar 200 um, hematoxylin and eosin). (B) Immunopathological examination positive for lymphatic marker D2-40 (bar 100 pum).
(C) Axial noncontrast CT of temporal bones revealed diffuse osteolysis (arrow) and severe expansion of the IAC. (D) Axial noncontrast
T2-weighted MRI revealed herniation of the cerebellar tissue into the IAC (arrowhead).

of the right ear. Auditory-evoked brain response testing of the
right ear showed no waveforms at 130 dB sound pressure level.
Computed tomography (CT) of the head showed multiple Iytic
lesions in the temporal bones and expansion of the bilateral
IACs (Fig. 1C). Magnetic resonance imaging (MRI) of the skull
base demonstrated herniation of cerebellar tissue into the bilat-
eral IACs (Fig. 1D). Radioisotope cisternography with In-111
showed CSF leakage. Because the patient’s condition was severe
and progressive, we decided to treat with pegylated IFN «-2b.
The treatment was approved by the review board at our hospital
and written informed consent was obtained from the patient’s
parents. We started pegylated IFN «-2b (50 g, 1.5 ng/kg) once
weekly, according to a reported protocol.[8] Two months later,
the patient’s hearing in the right ear recovered dramatically. His
audiogram also showed marked improvement. Auditory-evoked
brain response showed restoration of I-V waves. Facial nerve
function improved to Grade I. However, MRI and CT showed
no marked changes in the temporal bones. Six months after initi-
ation of IFN therapy, CT revealed slight new bone formation in
the bilateral temporal bones. Two years after IFN therapy was
initiated, bone formation was clearly identified in the bilateral
temporal bones (Fig. 2A). MRI showed improvement of cere-
bellar herniation (Fig. 2B). Because the patient had side effects

Pediatr Blood Cancer DOI 10.1002/pbe

with IFN treatment (high fever, fatigue, and mild depression),
the patient and his family wanted to taper the medication. Addi-
tionally, the patient continued to experience recurrent CSF rhi-
norrhea. A clinical study of sirolimus for the treatment of com-
plex vascular anomalies has been underway at our hospital since
2014. We decided to switch this patient’s therapy from IFN to
sirolimus to minimize side effects and to treat his recurrent CSF
rhinorrhea. Written informed consent for this treatment was ob-
tained from the patient’s parents.

Sirolimus was added at 1.6 mg/m’ once daily. Dose adjust-
ments were made to maintain the desired 24-h trough level at 10—
15 ng/ml. After 6 months of sirolimus treatment, the frequency
of CSF rhinorrhea decreased to once monthly and IFN ther-
apy was discontinued. One year later, the patient’s CSF rhinor-
rhea disappeared completely. Radioisotope cisternography with
In-111 showed little leakage of CSF. At 3-year follow-up, the
patient had been taking sirolimus for over 1 year without any
adverse effects and had good facial nerve function and hearing.

DISCUSSION

Our patient with GSD not only had CSF rhinorrhea, but also
sudden severe hearing loss and facial palsy caused by herniation

- 264 -
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Fig. 2. Radiological examination of the patient 2 years after initiation of interferon therapy and prior to sirolimus treatment. (A) Axial
noncontrast CT revealed an obvious increase in bone density of the mastoid air cells (arrow). (B) Axial noncontrast T2-weighted MRI

revealed improvement of cerebellar hernia (arrowhead).

of cerebellar tissue into the right IAC, as a result of an oste-
olytic lesion of the skull base causing bone fragility. His hearing
disturbance and CSF rhinorrhea resolved completely, and new
bone was formed in the osteolytic lesion.

The pathogenesis of GSD is poorly understood. There are
only three reported cases of hearing loss secondary to GSD.[9-
11] In one of these patients, hearing loss was caused by an oste-
olytic lesion directly infiltrating the cochlear duct. However, the
causes of hearing loss in the other two patients were unclear.
Hearing was not restored in these patients. We believe that our
rare experience provides important insights into the pathogene-
sis of GSD.

In our patient, cochlear nerve dysfunction and facial nerve
palsy developed and resolved concurrently. Patients with cere-
bellopontine angle meningioma with TAC involvement present
with hearing loss and abnormal facial motor function, clinical
manifestations caused by compression neuropathy rather than
parenchymal involvement.[12,13] It is hypothesized that com-
pression neuropathy results in biochemical changes within the
axons and Schwann sheaths of the cerebral nerve, and that seg-
mental demyelination may be implicated.[14] Our patient also
had herniation of cerebellar tissue into the IAC, and there was
marked reduction of cerebellar herniation when hearing loss re-
covered. We believe that cerebellar herniation might have caused
compression neuropathy of the cochlear and facial nerves. Im-
provement in cerebellar herniation thus could result in concur-
rent resolution of hearing loss and facial palsy.

Antiosteoclastic medications (bisphosphonates) are often
used to treat GSD.[2] We did not administer bisphosphonates
in the present case because the biopsy specimen did not show
the presence of osteoclasts or activation of these cells. Instead,
our patient received antiangiogenic therapy with pegylated IFN
«-2b and sirolimus. Recent studies have suggested that vascu-
lar proliferation might be related to the pathogenesis of bone
resolution in GSD patients.[15,16] IFN might downregulate ex-
pression of vascular endothelial growth factor (VEGF).[17] The
mTOR inhibitor sirolimus targets protein synthesis downstream
of the Akt pathway and is predicted to be effective in disorders
where the mTOR growth control pathway is affected.[6] mTOR

Pediatr Blood Cancer DOI 10.1002/pbc

is overexpressed in some vascular malformations; mTOR in-
hibitors exert their antiangiogenic activity in tumors by im-
pairing production of VEGFE[18] This patient experienced new
bone formation and disappearance of CSF rhinorrhea after
drug treatment. Radiological examination revealed an obvious
increase in bone density (Fig. 2A). The precise mechanism of
new bone formation is unknown. We speculate that antiangio-
genic therapy inhibited proliferation of vascular and lymphatic
endothelial cells in the osteolytic lesion and led to new bone for-
mation and disappearance of CSF rhinorrhea.

In conclusion, we present the case of a child with GSD in-
volving the skull base who presented with CSF leakage, severe
hearing loss, and facial palsy secondary to herniation of cere-
bellar tissue into the TAC. Antiangiogenic therapy might inhibit
proliferation of vascular endothelial cells in osteolytic lesions
and lead to new bone formation.
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Clinical Features and Prognosis of Generalized Lymphatic Anomaly, Kaposiform
Lymphangiomatosis, and Gorham-Stout Disease
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Tatsuo Kuroda, mo, pho,? and Toshiyuki Fukao, mp, prp!

Background. Complex lymphatic anomalies are intractable tym-
phatic disorders, including generalized lymphatic anomaly (GLA),
Gorham-Stout disease (GSD), and kaposiform lymphangiomatosis
(KLA). The etiology of these diseases remains unknown and diagno-
sis is confused by their similar clinical findings. This study aimed to
clarify the differences in clinical features and prognosis among GLA,
KLA, and GSD, in lapanese patients. Procedure. Clinical features,
radiological and pathological findings, treatment, and prognosis of
patients were obtained from a questionnaire sent to 39 Japanese hos-
pitals. We divided the patients into three groups according to radio-
logical findings of bone lesions and pathology. Differences in clinical
findings and prognosis were analyzed. Resufts. Eighty-five patients
were registered: 35 GLA, 9 KLA, and 41 GSD. Disease onset was
more common in the first two decades of life (69 cases). in GSD, oste-

Key words:

complex lymphatic anomaly; generalized lymphatic anomaly; Gorham-Stout disease; kaposiform
lymphangiomatosis; lymphatic malformation; osteolysis

alytic lesions were progressive and consecutive. In GLA and KLA, 18
patients had osteolytic lesions that were multifocal and nonprogres-
sive osteolysis. Thoracic symptoms, splenic involvement, and ascites
were more frequent in GLA and KLA than in GSD. Hemorrhagic peri-
cardial and pleural effusions were more frequent in KLA than GLA.
GSD had a significantly favorable outcome compared with com-
bined GLA and KLA (P = 0.0005). KLA had a significantly poorer
outcome than GLA (P = 0.0268). Conclusions. This survey revealed
the clinical features and prognosis of patients with GLA, KLA, and
GSD. Early diagnosis and treatment of KLA are crucial because KLA
has high mortality. Further prospective studies to risk-stratify com-
plex lymphatic anomalies and optimize management for KLA are
urgently needed. Pediatr Blood Cancer © 2016 Wiley Periodicals,
Inc.

INTRODUCTION

Complex lymphatic anomaly is a recently proposed disease
category of intractable lymphatic disorders, including gener-
alized lymphatic anomaly (GLA) and Gorham-Stout disease
(GSD).[1] The current literature is confined to case reports and
several small series because of the low incidence of these dis-
eases. The clinical features and mortality rate of the patients re-
main unknown. In some patients, proper diagnosis is difficult
because the clinical findings are overlapping.

GLA is characterized by diffuse or multicentric proliferation
of dilated lymphatic vessels resembling common lymphatic mal-
formation (LM). The International Society for the Study of Vas-
cular Anomalies (ISSVA) has recently suggested replacing the
term “lymphangiomatosis” with GLA. This is because the suf-
fix “oma” implies neoplastic proliferation.[2] GLA may present
at birth but may also occur in children and young adults. It has a
variable presentation and can affect several different sites includ-
ing bone, liver, spleen, mediastinum, lungs, and soft tissues. The
clinical course is directly related to the affected sites and extent
of the disease.[3] Thoracic involvement may be associated with
poor prognosis compared with cases with soft tissue or bone in-
volvement.[4]

GSD is a rare disease characterized by osteolysis in bony
segments, with localized proliferation of lymphatic or vascular
channels in areas adjacent to the affected bone.[5] Several bones
may become involved and these undergo progressive destruction
and resorption. Areas commonly affected by GSD include ribs,
cranium, clavicle, and cervical spine.[6] Pain and swelling in the
affected area may occur. While GSD mainly involves the skele-
tal system, it can also involve the viscera, and clinical findings
of GSD and GLA closely overlap.[7] Lala et al. have reported
that patients with GLA and GSD displayed differences in the
radiological findings of their bone lesions; GLA patients have
Iytic areas confined to the medullary cavity, whereas GSD pa-

© 2016 Wiley Periodicals, Inc.

DOI 10.1002/pbc.25914

Published online in Wiley Online Library
(wileyonlinelibrary.com).

tients have progressive osteolysis resulting in the loss of cortical
bone.[6] Although these diseases are known as different condi-
tions, affected bones from both groups of patients show abnor-
mal lymphatic channels and appear histologically similar. Fur-
ther study of GLA and GSD will help delineate the clinical,

Additional Supporting Information may be found in the online ver-
sion of this article.

Abbreviations: CT, computed tomography; GLA, generalized lym-
phatic anomaly; GSD, Gorham-Stout disease; ISSVA, Interna-
tional Society for the Study of Vascular Anomalies; KLA, ka-
posiform lymphangiomatosis; LM, lymphatic malformation; MRI,
magnetic resonance imaging
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histological, and genetic similarities and differences between
these two rare diseases.

Kaposiform lymphangiomatosis (KLA) has recently been
distinguished as a novel subtype of GLA with foci of spindle
endothelial cells amid a background of malformed lymphatic
channels.[8] All cases of KLA involve multiple organs with a
predilection for the thoracic cavity, causing pleural effusion that
commonly leads to respiratory distress and dyspnea.

The etiology of these diseases is poorly understood and it is
likely that the diseases represent a clinical spectrum of lymphatic
pathological processes. However, recent studies about this spec-
trum of lymphatic diseases have suggested differences in the clin-
ical characteristics of these complex lymphatic anomalies. The
purposes of the present study were to investigate the clinical fea-
tures of patients with these diseases, and to clarify the differences
among the diseases and their prognoses.

METHODS

Ethical Approval, Organization, Questionnaire, and
Data Collection

The Institutional Review Board of Gifu University Gradu-
ate School of Medicine approved this study. To elucidate the
clinical characteristics of GLA and GSD, we conducted a na-
tionwide, questionnaire-based survey in Japan under the aus-
pices of the Japanese Ministry of Health, Labour and Welfare
Research Program into Intractable Diseases Research Grants.
The first set of questionnaires was sent to 520 Japanese hospi-
tals with pediatric departments. The first questionnaire queried
how many patients with GLA and GSD the target hospitals had
between 2000 and 2013. We did not ask about KL A because it
was not a known disease at the start of the study. The second set
of questionnaires, which focused on clinical information such
as age at onset and diagnosis, family history, perinatal history,
symptoms, lesion site, radiographic and pathological findings,
treatment, complications, clinical course, and outcome of pa-
tients, was sent to their attending physicians. Additionally, we
requested that the authors, who had reported GLA and GSD
in the literature in the past 10 years, complete the second ques-
tionnaire. To avoid reporting duplicate data, we identified over-
lapping patients by date of birth, sex, home village, and time of
diagnosis.

Data Curation, Review of Pathological and
Radiological Examinations, and Diagnosis

We categorized collected patients into GLA, KLA, and GSD
according to pathological and radiological examinations. Ex-
clusion criteria included diagnosis of other lymphatic diseases,
for example, localized common LM lesions without extensive
involvement, central conductive lymphatic anomaly, and lym-
phedema, or insufficient data. The pathological examinations
were reviewed retrospectively. We defined as KLA foci of spin-
dle endothelial cells amid a background of malformed lymphatic
channels.[8] As noted previously, the key features of GSD are os-
teolysis and disappearing bone.[9] To diagnose GSD, the radio-
logical findings of all patients were reviewed. Thus, only patients
with evidence of cortical loss and/or progressive bone resorp-
tion were categorized as having GSD.[6] Patients with evidence
of lytic bone confined to the medullary cavity or without bone
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Fig. 1. Diagnostic charts of GLA, KLA, and GSD. GLA, gen-
eralized lymphatic anomaly; GSD, Gorham~Stout disease; KLA,
kaposiform lymphangiomatosis.”

lesions were diagnosed with GLA. Clinical data of these pa-
tients were carefully reviewed by two pediatric specialists (T.H.
and K.K.). Pathological examinations were reviewed indepen-
dently by a pediatric pathologist (K.M.). Imaging examinations
were reviewed independently by a pediatric radiologist (S.N.). In
cases of diagnostic discrepancy, a final decision was reached by
consensus.

Data Analysis

Because of the similarity between GLA and KLA, the find-
ings including the number and distribution of bones involved
in these two groups combined were initially compared with
GSD, and then specific differences between GLA and KLA were
sought. Prognosis as measured by overall survival was compared
in the same way.

Statistical analysis was performed with GraphPad Prism ver-
sion 6. Descriptive statistical methods (median and standard de-
viation), Wilcoxon’s rank sum test for comparison of age, the
number of bones involved, duration from symptom onset to di-
agnosis and follow-up period, and Fisher’s exact test for two-
group comparison, were used for the statistical analyses. Overall
survival was analyzed from the date of onset by the product-
sum method of Kaplan-Meier. The differences in survival times
between the combined GLA and KLA group and GSD group,
or GLA group and KLA group, were compared with the log-
rank test. A value of P < 0.05 was considered statistically
significant.

RESULTS
Patients and General Characteristics at Study Entry

A total of 420 responses (80.7% response rate) were received
to the first set of questionnaires. A second questionnaire was
then sent to 39 institutions, asking for information regarding
clinical features, treatments, and outcomes for each patient. One
hundred and three patients were diagnosed with GLA and GSD.
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Eighteen cases were excluded because of insufficient documen-
tation or diagnosis of other lymphatic diseases. Therefore, 85
patients were included in our study. Pathological examination
was available in 71 patients (83.5%). It was not available in 14
patients because of the following reasons: examination was not
performed (n = 6), pathological specimens were already dis-
posed or for internal hospital use only (n = 4), or we could not
obtain the cooperation of the primary doctor (n = 4). We cat-
egorized these patients into GLA or GSD according to patho-
logical diagnosis in the survey center and radiological examina-
tions. The number of patients with GSD, GLA, and KLA was
41, 35, and 9, respectively (Fig. 1). Among 44 patients with GLA
and KLA, 39 (88.6%) underwent pathological examination for
confirmation of diagnosis. Two patients did not undergo patho-
logical examination because they died from rapid progression
of respiratory failure. These two patients also had severe throm-
bocytopenia and coagulation disorder at clinical diagnosis. An-
other three patients without pathological examination were all
infants (0, 7, and 12 months old) and their diagnosis was made
by radiological examination alone.

The clinical characteristics of the patients are shown in Sup-
plemental Table 1. No family and perinatal history was evident
for any of these patients. There was no significant difference in
the male-to-female ratio among the three groups of patients. The
median age of all patients at the time of data collection was 19.0
years (range: 1.3-70 years). The median ages of the GLA, KLA,
and GSD groups were 18.0 (range: 1.3-70), 10.0 (range: 1.5
18.5), and 21.9 (range: 1.5-64.7) years, respectively. Age of on-
set ranged from infancy to adulthood (mean: 12.0, range: 0-63
years) but disease was more common in the first two decades of
life (69/85, 81.2%), and 18 patients were aged <1 year, most of
whom (12 infants) had GLA. The duration between onset and
diagnosis in the three groups did not differ significantly. How-
ever, the duration in the KL A patients tended to be shorter than
in other groups.

Characteristics of Affected Areas

Bone lesions, being a diagnostic criterion, were present in all
patients diagnosed with GSD, but were also present in 40.9% (18
of 44) of GLA or KLA patients (Supplemental Table II). Oste-
olysis was the most common finding. The typical bone resorp-
tion in GSD is shown in Figures 2A, 2C, and 2D. In GLA and
K1LA, 16 of 44 (36.4%) patients had osteolysis, which was char-
acterized by multiple lytic changes (Figs. 3A-3C). There were no
significant radiological differences in the bone lesions between
GLA and KLA. In GSD, pathological fracture was more fre-
quent. A greater number of bones were involved in GLA or
K LA than in GSD (Supplemental Table ITI). The spine was the
most common site of osseous changes in all patients, and the
spine lesions were identified more often in GLA or KLA than
GSD (Fig. 3C). In GSD, 19 patients (54.3%) had bone lesions
in any of the four limbs (14 femur, four humerus, nine lower leg,
and two tarsal bone). With regard to skeletal axis of the oste-
olytic lesion, the axial skeleton (skull, spine, and ribs) was af-
fected in 16 of the 18 patients with GLA or KLA. However, the
appendicular skeleton (scapula, clavicle, pelvis, ilium, and four
limbs) was only affected in six patients. An infiltrative soft tissue
abnormality adjacent to the area of osseous involvement was
identified more often in GSD than GLA or KLA (P <0.001).
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A B

Fig. 2. Radiological findings of patients with GSD. (A and B)
Thirteen-year-old female with GSD involving right lower extremity,
right pelvis, spine, abdomen, and right thorax. (A) Plain radiograph
of the right pelvis shows osteolysis at the proximal femoral shaft as
well as the pelvic bone. (B) Coronal fat suppressed in T2-weighted
image of the pelvis demonstrates extensive high signal intensity in
the soft tissue surrounding the femur as well as subcutaneous fat tis-
sue. Involved right pelvis shows high signal intensity secondary to
osteolysis. Also visible is a large amount of ascites. (C) Nine-year-
old male with GSD involving the occipital and temporal bones. Pos-
terior view of 3D CT imaging shows almost complete resorption of
the occipital bone. (D) Thirteen-year-old female with GSD involving
the ribs. Right oblique posterior view of 3D CT shows multiple os-
teolysis and fracture of the posterior portion of the right 5-10 ribs.
CT, computed tomography; GSD, Gorham-Stout disease (GSD).

Thoracic lesions were the second most common, with symp-
toms of cough, chest pain, dyspnea, and wheezing. Some pa-
tients experienced wheezing and were misdiagnosed with asthma
prior to recognition of the lymphatic disorder. Pleural effusion,
mediastinal mass, and cardiac effusion were significantly more
frequent in GLA and KLA than GSD (P = 0.002, 0.002, and
0.001, respectively). The frequency of pleural and cardiac effu-
sion in KL A was similar to that in GLA, but mediastinal masses
and hemorrhagic pericardial and pleural effusions were more
frequent in KLA than GLA (P = 0.017 and <0.001, respec-
tively). The other findings were heart failure, cardiac tampon-
ade, and pulmonary infiltration and hemorrhage. In abdominal
lesions, splenic involvement and ascites were more frequent in
GLA and KLA than GSD (P = 0.044 and 0.001, respectively).
However, KLA patients did not have ascites. Seven patients had
cystic LM of the mesentery and retroperitoneum, in combina-
tion with ascites or invasion of the surrounding soft tissue. Skin
lesions were present in 36 of 85 (42.3%) cases. Three patients
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A B

Fig. 3. Radiological findings of patients with GLA and KLA. (A-C and F) Twelve-year-old male with GLA involving bone and spleen.
(A) Plain radiography of femoral head shows a small lytic lesion (white arrowheads). (B) Coronal fat suppressed, T2-weighted MRI of
femoral head shows a small lytic lesion (white arrowheads). (C) Contrast-enhanced CT of the chest with sagittal reconstruction shows
dissemination of osteolysis in the vertebrae. (D and E) Eight-year-old male with KL A involving the thoracic region. (D) Chest radiography
shows pronounced effusion, mediastinal enlargement, and peribronchovascular infiltration extending from the hilar to the peripheral area.
(E) Chest contrast-enhanced CT demonstrates diffuse thickening of the interlobular septa, pleural effusion in the right lung, and retroperi-
toneal soft tissue mass (red arrows). (F) An axial projection shows multiple cystic lesions in the spleen. CT, computed tomography; GLA,
generalized lymphatic anomaly; KLA, kaposiform lymphangiomatosis; MRI, magnetic resonance imaging.

had subcutaneous macrocytic LMs at birth. Neurological disor-
ders were uncommon (10/85 [11.8%]) and were associated with
osteolytic lesions of the skull.

Imaging and Histopathological Examination

Bone lesions were present in 59 of 85 cases and imaging ex-
aminations of bone lesions included plain radiography (n = 59),
computed tomography (JCT]; n = 59), magnetic resonance imag-
ing ((MRI]; n = 57), and bone scintigraphy (n = 3). CT showed
more definite location and number of osteolytic lesions than
did plain radiography. MRI demonstrated altered signaling in
bone marrow, which was hypointense on T1-weighted imaging.
An infiltrative soft tissue abnormality adjacent to the area of
osseous involvement was characterized by high signal intensity
in T2-weighted imaging, which indicated lymphatic infiltration
or accumulation of lymphatic fluid (Fig. 2B). Bone scintigra-
phy demonstrated increased uptake of radiotracer in the patho-
logical fracture of one case, while there was no increased up-
take in the osteolytic lesion. In thoracic lesions of typical pa-
tients with GLA or KLA, bilateral interstitial infiltrates in the
lung and pericardial or pleural effusions were evident on chest
radiography (Fig. 3D). Thoracic CT revealed diffuse smooth
thickening of interlobular septa and bronchovascular bundles,
with extensive involvement of mediastinal connective tissue and
perihilar regions. The thickening and soft tissue mass of the
pleura, posterior mediastinum, and anterior ribs were character-
istic findings, especially in KLA (Fig. 3E). Thirty-three patients
had splenic involvement, identified by CT (n = 33), MRI (n =
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29), and ultrasound (n = 20). These lesions were multiple cystic
lesions in most cases (Fig. 3F). On Doppler ultrasound, the le-
sions did not demonstrate increased vascular flow. Histopathol-
ogy demonstrated anastomosing endothelium-lined spaces con-
sistent with lymphatic vessels stained with D2-40 (Figs. 4A—4F).
Although KILLA was diagnosable by characteristic findings at
pathological examination, there were no significant histopatho-
logical differences between GLA and GSD. Bone biopsy spec-
imens showed dilated lymphatic lumens containing lymphatic
fluid in lytic lesions; however, some specimens were not in suf-
ficiently good condition to reconstruct their architecture for
diagnosis.

Treatments

Treatment included medication, surgery, radiotherapy, and
nutritional therapy. In patients with bone lesions, medical treat-
ment included interferon-«, propranolol, bisphosphonates, and
corticosteroids. When these medications were not effective, pa-
tients needed to undergo surgery or symptomatic treatment.
Surgical interventions included resection of the lesion and or-
thopedic operations (fracture reduction or reconstruction). In
some patients, surgical reconstruction undertaken to control the
disease was unsuccessful because of rapid osteolysis and resorp-
tion of bone graft material. The common surgical procedures for
pleural effusion were pleurocentesis, pleurodesis, and ligation of
the thoracic duct. Medical therapy for thoracic lesions included
corticosteroids, propranolol, interferon-«, octreotide, and mam-
malian target of rapamycin (mTOR) inhibitor. Sixteen patients
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Fig. 4. Pathological findings in patients with GLA, KLA, and GSD. (A and B) Specimen of subcutaneous lesion from GLA patient. (A)
This specimen shows proliferation of thin-walled, anastomosing lymphatic vessels lined by a single layer of endothelial cells without foci of
spindle endothelial cells (bar 200 pm, hematoxylin and eosin [H&E)). (B) Endothelial cells were identified as lymphatic using D2-40 (bar 100
pm). (C and D) Specimen of thoracic lesion from KLA patient. (C) Specimen shows proliferation of thin-walled, anastomosing lymphatic
vessels lined by a single layer of endothelial cells with a focus of spindle cells (*) (bar 200 um, H&E). Spindle cells can be seen in the
insert image. (D) Endothelial cells were identified as lymphatics using D2-40 (bar 100 pcm). (E and F) Specimen of femur biopsy affected by
GSD. (E) Typical bone structures were resorbed and replaced by thin-walled endothelium-lined capillaries of vascular or lymphatic origin
(bar 200 um, H&E). (F) D2-40 immunostaining delineates the endothelium of lymphatic channels (bar 100 um, H&E). GLA, generalized

lymphatic anomaly; GSD, Gorham-Stout disease; KL A, kaposiform lymphangiomatosis.

(six with bone lesions of GSD, and 10 with thoracic lesions)
underwent radiotherapy. The total doses applied and fraction-
ation regimens varied widely among patients and lesions. Nu-
tritional therapy (fat-restricted diet and low-fat medium chain
triglyceride diet) had no effects in almost all patients.

Follow-up Period and Mortality

Follow-up was available for all patients. The mean follow-up
period was 7.0 (range, 0.1-32; median, 4) years. Overall or in ag-
gregate, mortality rate was 20% (17/85) and the cause of death
was thoracic symptoms (Fig. SA). All 29 patients (nine adults
and 20 children) who lacked thoracic lesions survived. Of the 69
pediatric patients, 50 had thoracic lesions and 13 died (26%).
The GSD group had a significantly more favorable outcome
than the combined GLA and KLA group had (P = 0.0005) (Fig.
5B). In contrast, the KLA patients had a significantly poorer
outcome than the GLA patients had (P = 0.0268) (Fig. 5C).

DISCUSSION

In this nationwide retrospective observational study, we col-
lected data on follow-up of patients with GLA, KLA, or GSD
from Japanese hospitals. This study demonstrated the frequency
and features of principal symptoms, diagnostic signs, and prog-
nosis. Our data contribute to understanding the clinical features
and prognosis of these diseases.

Osteolytic lesions are important for differential diagnosis.
They can be caused by several different conditions including in-
fection, inflammation, cancer, and endocrine disorders. In our
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study, some cases were misdiagnosed as Langerhans cell histi-
ocytosis and osteomyelitis before definitive diagnosis. There is
no specific test or procedure to diagnose GSD definitively;[3]
thus, diagnosis is based upon identification of characteristic
symptoms, detailed patient history, radiological examination,
and histopathological findings. Especially, radiological findings
of osteolysis seem important to distinguish among GLA, KLA,
and GSD. Patients with GLA and KLA displayed lytic areas
confined to the medullary cavity, whereas patients with GSD
showed progressive osteolysis resulting in the loss of cortical
bone. GLA and KLA typically involved more bones than GSD
did. The bone lesions of GSD were often progressive and se-
quentially infiltrative; in contrast, those of GLA and KLA were
nonprogressive. However, our study also showed that there were
some overlapping features and no obvious difference in bone
histopathology.

KLA was recently distinguished as a novel subtype of
GLA.[8,10] Although dilated malformed lymphatic channels
lined by a single layer of endothelial cells are common to both
GLA and KLA, the latter also has foci of patternless clusters
of intra- or perilymphatic spindled cells associated with platelet
microthrombi, extravasated red blood cells, hemosiderin, and
some degree of fibrosis. Patients with KLA also have coagu-
lation disorders, and hemorrhagic pericardial and pleural ef-
fusions.[8] In our study, nine patients were diagnosed patho-
logically with KLA from among those who were diagnosed
with GLA. The multiple overlapping clinical characteristics
and radiological findings of GLA have led to a hypothesis
that KL A may arise from GLA. There have been no cases of
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Fig. 5. Kaplan-Meier curve showing time from onset. (A) Overall survival of all cases (n = 85). (B) Overall survival in GSD group (n = 41)
compared with combined GLA and KLA group (n = 44). The GSD group had a significantly more favorable outcome than the combined
GLA and KLA group had (P = 0.0005) (C). Overall survival in GLA group (n = 35) compared with KLA group (n = 9). KLA group
had a significantly poorer outcome than the GLA group had (P = 0.0268). GLA, generalized lymphatic anomaly; GSD, Gorham-Stout

disease; KLA, kaposiform lymphangiomatosis.

GLA that have evolved into KLA over several months or years.
However, patients with KLA had unfavorable prognosis and
serious symptoms (hemorrhagic pericardial and pleural effu-
sions). We might have to distinguish KLA from GLA or other
LMs.

In patients with multifocal lesions, therapeutic options are
palliative, and therapy is often aimed at reducing symptoms as-
sociated with bone lesions and chylous effusions.[11] Manage-
ment of chylothorax is often the primary concern. Thoracente-
sis and pleural drainage are used to treat chylothorax to relieve
respiratory distress. In the case of failure with such conservative
treatment, thoracic duct ligation has been used to treat pleural
effusion in isolated cases.[4] Radiotherapy has been used in cases
in which surgery is not possible, or in combination with surgery.
Several case reports have described the successful use of radio-
therapy, achieving pain relief and arresting the spread of oste-
olysis. Positive results have been achieved with a total dose of
30-45 Gy,[11]

Patients with osteolysis have been treated with drugs that
inhibit bone resorption, including bisphosphonates such as
pamidronic or zoledronic acid.[12] Patients with bone or tho-
racic lesions have been treated with interferon-a-2b, which
inhibits the formation of lymphatic vessels.[13] Other pharma-
ceuticals include vascular endothelial growth factor-A antibody,
bevacizumab,[14] propranolol,[15] steroids, vitamin D, and cal-
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citonin. These treatments, used alone or in combination,
improve symptoms in some cases, but their effectiveness is
inconsistent. A recent study suggested that the antilymphangio-
genic properties of rapamycin (sirolimus; an mTOR inhibitor)
and its derivatives might have therapeutic value for the preven-
tion and treatment of malignancies.[16] In our study, there were
nine patients (eight with thoracic and seven with bone lesions)
who were treated with an mTOR inhibitor. Further investiga-
tion is needed to determine which treatments are effective and
safe in these patients.

It is necessary to address the limitations and bias of the
present study. This was a retrospective survey that was lim-
ited to general hospitals with pediatric departments and physi-
cians who reported cases. There was also responder bias in that
providers managing the most severe cases may have been more
likely to report them. When we started this survey in 2013,
a new classification of ISSVA had not been announced and
there were no standard diagnostic criteria for complex lymphatic
anomalies. Therefore, there was some possible involvement of
other similar diseases. Multifocal lymphangioendotheliomato-
sis with thrombocytopenia, multifocal kaposiform hemangioen-
dothelioma, and central conducting lymphatic anomalies are
rare diseases, but could be misdiagnosed as GLA.[17,18] Pa-
tients diagnosed with GLA might have KLA because of a
lack of characteristic findings at pathological examination. In
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addition to the above limitations, it is probable that classifica-
tion of vascular anomalies will be rationally modified accord-
ing to advances in genetic and clinicopathological research in
the future. Despite the above-mentioned limitations, this study
is noteworthy because it was a large detailed survey of GLA,
KILA, and GSD. We believe that sufficient data were collected
to characterize the frequency of principal symptoms, diagnostic
signs, and prognosis.

In conclusion, we performed a nationwide, questionnaire-
based survey of complex lymphatic anomalies, GLA, GSD, and
KLA, to characterize their prevalence, clinical features, radio-
logical and pathological findings, treatment, and prognosis. This
study revealed the clinical presentation and severe course of the
patients, and limited current therapeutic options. Further study
into the pathogenesis and a prospective study are needed for bet-
ter therapy with improved outcome, especially for KLA.
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